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(54) Device for supporting a lid structure 

(57) A device 14 for supporting a door 16, in which 
gas springs 20 and 40 arranged apart from each other 
support both sides of the door 1 6 that is pivoted on a car 
body 17 through a horizontal shaft, one gas spring 20 
arranged on one side of the back door comprising: a 
reaction force applying mechanism 38 for moving a rod 
22 in an extending direction when the gas spring is 
extended; an extension damping force applying mecha- 
nism 36 to cause an extension damping force in the 
xtending process; and an airlock mechanism 37 to 
damp the piston and the rod when the gas spring has 
been fully extended at the end of the extending process. 
The other gas spring 40 arranged on the other side of 
the back door comprises only the reaction force apply- 
ing mechanism without the extension damping force 
applying mechanism and the airlock mechanism 
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Description 



This invention relates to a device for supporting a 
structure such as a back door or trunk lid of a motor 
vehicle. 

A road vehicle, particularly a four-wheel vehicle 
generally has back doors or trunk doors (lid structure), 
capable of opening and closing along or around a hori- 
zontal axis of the vehicle body. Two gas springs are 
used in parallel arranged between the back door and 
the car body so that the force required for opening the 
back door can be reduced by the assisting force of the 
gas spring. 

One form of often used gas spring is an inverted 
type gas spring, which has a cylinder at the upper side 
and a rod at the lower side when the back door is 
closed. One form of such inverted type gas spring is an 
inverted position turning type gas spring, in which a cyl- 
inder is attached to a car body and a rod is attached to 
a back door so as to position the gas spring at an angle 
when the back door is closed. In this case, the cylinder 
and the rod turn their position between open and closed 
states of the back door. 

Japanese Patent Laid-Open Application (JP-A) No. 
53-1764 discloses such a inverted position turning type 
gas spring, which uses only a gas (air) to improve 
damping operation of the gas spring when being fully 
extended. As shown in Fig. 14, a gas spring 1 of this 
type includes a cylinder 2 which contains a very small 
amount of oil to lubricate a gas seal 3. On the inner sur- 
fac of the cylinder 2, cylinder grooves 6 are formed by 
notching in an axial direction so that a piston-side cham- 
ber 5A and a rod-side chamber 5B can communicate 
with each other around a piston. The gas spring also 
includes a piston 7 through which a inner orifice 8A and 
an outer orifice 8B are formed. 

In the process of compressing the gas spring 1, a 
gas 9 enclosed within the piston-side chamber 5A flows 
into the rod-side chamber 5B through the cylinder 
grooves 6, and the inner orifice 8A and the outer orifice 
8B f so that little or no damping force occurs. 

During the extension process, since a lip 10 pro- 
vided on the piston 7 blocks the outer orifice 8B, the gas 
9 within the rod-side chamber 5B flows into the piston- 
side chamber 5A through the cylinder grooves 6 and the 
inner orifice 8A, and thereby an extension damping 
force occurs. In this process, although a reaction force 
of the gas within the cylinder 2 acts on the rod 4 to move 
it in an extending direction of the gas spring 1, the 
extensi n damping force causes the transit speed of the 
rod 4 in the extending direction (i.e., extension speed of 
the gas spring 1 ) to be controlled properly 

When the gas spring 1 has been fully extended at 
the nd of the extending process, the piston 7 comes to 
an area (gas-lock area), where no cylinder groove 6 is 
formed, to define a gas-Jock chamber with the gas seal 
3 provided at the opening end of the cylinder 2, the rod 
guide 1 1, and the piston 7. Therefore, the fully extended 
gas spring 1 is damped (gas-locked) by the flow resist- 



ance of the gas 9 through the inner orifice 8A. 

As previously described, a device for supporting or 
mounting a back door onto a car body generally com- 
prises two gas springs 1 arranged on both sides of the 
s back door. In the gas spring 1, however, a problem 
arises that a swish sound is generated when the gas (or 
air) passes through the cylinder grooves 6 in the extend- 
ing process. Such a swish sound occurs due to a turbu- 
lent flow of the gas caused when a Reynolds number 
10 Re of the gas passing through the cylinder grooves 6 
becomes a critical Reynolds number Rec or more, 
where Rec = 2310. 

In this case, the Reynolds number Re can be made 
smaller than the critical Reynolds number Rec by reduc- 
15 ing the sectional area of each cylinder groove 6. How- 
ever, the reduction of the sectional area of the cylinder 
groove 6 causes an increased extension damping force 
in the cylinder groove 6. Therefore, another problem 
arises because the extension speed of the gas spring 1 
20 is slowed down more than desired for proper opening 
speed of the back door. 

The present invention has been made under the cir- 
cumstances as aforementioned, and an object of the 
present invention is to provide a device for supporting a 
25 lid or door structure, which is made possible to reduce a 
swish sound and to improve the cost-efficiency. 

In the invention, there is provided a device for sup- 
porting a horizontally pivoted vehicle door, in which gas 
springs ananged apart from each other support both 
30 sides of the lid or door structure that is rotatably held by 
or mounted on the body through a horizontal shaft, one 
gas spring arranged on one side of the lid or door struc- 
ture comprising: a cylinder enclosing a gas, in which 
seal and guide members are arranged in an opening 
35 portion provided at one end thereof; a rod having a pis- 
ton at one end thereof and slidably arranged within the 
cylinder together with the piston through the seal and 
guide members; a passage provided in the piston for 
communicating between both chambers divided by the 
40 piston; a reaction force applying mechanism provided 
within the cylinder for causing a reaction force to force 
the rod in a extending direction when the gas spring is 
extended; an extension damping force applying mecha- 
nism which includes a cylinder groove formed in an axial 
45 direction throughout the entire range of the cylinder 
except an area nearby the opening end portion thereof, 
and seal means ananged in the piston and having a 
check valve function for opening the passage when the 
gas spring is compressed, such that an extension 
so damping force is caused while the gas passes through 
the cylinder groove in the extending process; and a gas- 
lock mechanism which defines a gas-lock chamber 
nearby the opening end portion of the cylinder among 
the seal and guide members, the piston, and the seal 
55 means so as to damp the piston and the rod when the 
gas spring has been fully extended at the end of the 
extending process, and the other gas spring arranged 
on the other side of the lid or door structure comprising: 
a cylinder enclosing a gas, in which seal and guide 
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members are arranged in an opening portion provided 
at one end thereof; a rod having a piston at one end 
thereof and slidably arranged within the cylinder 
together with the piston through the seal and guide 
members; a passage provided in the piston for oommu- 5 
nicating between both chambers divided by the piston, 
the sectional area of which is formed to be a size suffi- 
cient to generate little or no swish sound; and a reaction 
force applying mechanism provided within the cylinder 
for causing a reaction force to force the rod in an extend- w 
ing direction when the gas spring is extended. 

In the invention, the passage is provided in the gas 
spring, ad is arranged on the other side of the lid or door 
structure, for communicating between both chambers 
divided by the piston. There is an annular clearance 15 
formed between the outer edge of the piston and the 
inn r surface of the cylinder, the sectional area of which 
is sufficient to generate little or no swish sound by elim- 
inating seal means having a check valve function from 
the outer edge of the piston. 20 

In the invention, the gas springs are arranged on 
both sides of the lid or door structure which are consti- 
tuted with the same parts in the same manner except as 
to whether the seal means have the cylinder groove and 
the check valve function, and whether an annular 25 
groove is formed on the outer edge of the piston for 
arranging the seal means. 

The invention has the following effect. 
The gas spring arranged on one side of the lid or 
door structure includes the extension damping force 30 
applying mechanism and the gas-lock mechanism in 
addition to the reaction force applying mechanism, 
while the gas spring arranged on the other side of the lid 
or door structure includes only the reaction force apply- 
ing mechanism without the extension damping force 35 
applying mechanism and the gas-lock mechanism. Fur- 
ther, the gas spring arranged on the other side of the lid 
or door structure has the passage for communicating 
between chambers divided by the piston, the sectional 
area will generate little or no swish sound. Therefore, 40 
although the gas spring arranged on one side of the lid 
or door structure emits a swish sound from the cylinder 
groove of the extension damping force applying mecha- 
nism, the gas spring arranged on the other side of the lid 
or door structure emits little or no swish sound. As a 45 
result, the lid or door structure supporting device 
according to the present invention can reduce the total 
amount of generated swish sound to a greater extent 
than the case where the same-type gas springs, each 
having the reaction force applying mechanism, the so 
extension damping force applying mechanism, and the 
airlock mechanism, are used on each side of the lid or 
door structure. 

In the gas spring arranged on the other side of the 
lid or door structure, the cylinder groove is not formed in 55 
the cylinder, and the seal means having the check valve 
function is not provided in the piston. This reduces the 
cost of manufacturing such a gas spring and hence the 
total cost of the lid or door structure supporting device. 



The invention has the following effect 
The gas springs arranged on both sides of the lid 
structure are constituted with the same parts in the 
same manner except with regard to presence or 
absence of the seal means having the cylinder groove 
and the check valve function and the annular groove in 
the outer edge of the piston. It is therefore permissible 
to use the required parts commonly between both gas 
springs, and hence reducing the total cost of manufac- 
turing the lid or door structure supporting device. 

The present invention will be understood more fully 
from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred 
embodiments of the invention, which are given by way 
of example only, and are not intended to limit the 
present invention. 
In the drawings: 

Fig. 1 is a perspective view showing a back-door 
supporting device to which an embodiment of a lid 
or door structure supporting device according to the 
present invention is applied; 
Fig. 2 is a side view showing the back-door support- 
ing device of Fig. 1; 

Fig. 3 is a side view partly in section, which shows 
one of the gas springs in the back-door supporting 
device of Fig. 1; 

Fig. 4 is a side view partly in section, which shows 
a cylinder of the gas spring of Fig. 3; 
Fig. 5 is a sectional view showing a piston of the 
gas spring of Fig. 3; 

Fig. 6 is a diagram showing the piston of Fig. 5 as 
viewed from the plane indicated by the arrow VI in 
Fig. 5; 

Fig. 7 is a sectional view taken along the plane of 
line VII-VII of Fig. 4; 

Fig. 8 is an enlarged sectional view showing the 
portion VIII of Fig. 7; 

Fig. 9 is a sectional view taken along the plane of 
line IX-IXofFig. 4; 

Fig. 10 is a side view partly in section, which shows 
the other of the gas springs in the back-door sup- 
porting device of Fig. 1 ; 

Fig. 1 1 is a side view partly in section, which shows 
a cylinder of the gas spring of Fig. 10; 
Fig. 12 is a sectional view showing a piston of the 
gas spring of Fig. 10; 

Fig. 13 is a diagram showing the piston of Fig. 1 2 as 
viewed from the plane indicated by the arrow XII; 
Fig. 14 is a sectional view showing a gas spring in a 
conventional back-door supporting device. 

As shown in Figs. 1 and 2. a four-wheel vehicle 15 
has a trunk or back door 1 6 as a door structure, which is 
pivotally mounted on a car body 17 through a horizontal 
shaft 18 so that a trunk room or opening portion 19 pro- 
vided at the back side of the car body 1 7 can be opened 
or closed. The back door 16 is supported by a back- 
door supporting device 14 having two gas springs 20 



3 



5 



EP 0 798 485 A2 



6 



and 40. The gas springs 20 and 40 are arranged apart 
from each other in a width-wise direction of the vehicle 
1 5 such that the gas spring 20 supports one side of the 
back door 16 and the gas spring 40 supports the other 
side of the back door 16. 5 

The above-mentioned gas spring 20 is used as a 
gas spring of inverted position turning type. As shown in 
Fig. 3, the gas spring 20 has a piston 23 that is slidable 
within a cylinder 21, one end of the cylinder 21 being 
closed and the position of the piston 23 being fixed by 10 
applying pressure to one end of a rod 22. A bracket 24 
of the cylinder 21 is attached to the car body 1 7 of the 
four-wheel vehicle 15. The other end of the rod 22 is 
attached to the back door 16 thereof. 

Gas or air 25 is enclosed within the cylinder 21 , and is 
a rod guide 26 and a gas seal 27 are arranged as seal 
and guide members in an opening portion provided at 
one end of the cylinder 21. The rod guide 26 leads the 
rod 22 to move as the piston 23 slides through the cylin- 
der 21 , while the gas seal 27 prevents leakage of air 25. 20 
A very small amount of oil is enclosed within the cylinder 
21 so that the gas seal 27 can be lubricated sufficiently 
to maintain good sealing characteristics and to prevent 
leakag of air 25 out of the cylinder 21 when closing the 
back door 16. 2S 

The cylinder 21 is divided by the piston 23 into two 
sections, one is a rod-side chamber 28B in which the 
rod 22 is housed. The other is a piston-side chamber 
28A in which the rod 22 is not housed. The air 25 is 
enclosed in both the chambers 28A and 28B. Although 30 
there is no difference in pressure of the air 25 (reaction 
force of the air) between the piston-side chamber 28A 
and the rod-side chamber 28B, a pressure-receiving 
area of the piston 23 in the piston-side chamber 28A is 
larger by a sectional area of the rod 22 than that in the 35 
rod-side chamber 28B. Therefore, when extending the 
gas spring 20, the reaction force within the piston-side 
chamber 28A acts to move the rod 22 and the piston 23 
in an extending direction of the gas spring 20, i.e., the 
air 25 serves as a reaction force applying mechanism 40 
38. 

As shown in Figs. 3 and 4, a cylinder groove 29 is 
formed n the inner surface of the cylinder 21. The cyl- 
ind r groove 29 is formed by outward extension of the 
inner surface of the cylinder 21, for example, plastic 45 
working such as roll forming. In the cylinder 21, a stop- 
per 30 is also provided nearby the position where the 
rod guide 26 and the gas seal 27 are located, thereby 
reducing the diameter of the cylinder 21 centrally. The 
piston 23 strikes the stopper 30 and stops moving for- 'so 
ward under control of the stopper 30. At the extension 
end position, the piston 23 strikes the stopper 30. The 
cylinder groove 29 is formed to extend in the axial direc- 
tion of the cylinder 21 substantially throughout the full 
range of piston 23 stroke except for an area near the ss 
extension end, and the area near the stopper 30 (the 
area without cylinder groove 29) is an airlock area X. 

One end of the cylinder groove 29, which is a 
closed-end side of the cylinder 21, extends from the 



position where an O-ring 34 is located. Th O-ring 34 is 
set in the outer edge of the piston 23 when the gas 
spring 20 is most compressed. The O-ring 34 divides 
the cylinder 21 into the chambers 28A and 28B provided 
at opposite sides of the piston 23 and communicates 
between the chambers 28A and 28B through cylinder 
groove 29 even when the gas spring 20 is most com- 
pressed. The cylinder groove 29 may be extended to the 
closed end of the cylinder 21 . 

As shown in Figs. 7 to 9, the cylinder groove 29 is 
constituted of two sections 29A and 29B. One section 
29A is in the form of a square groove having a square 
cross section with constant width W and depth H. The 
other section 29B is tapered toward the airlock area X of 
the piston 23. In the cylinder 21 , the area corresponding 
to the section 29A which has a constant groove-depth H 
is referred to as an air damping area Z, and the area 
corresponding to the section 29B, where the groove- 
depth H of which is reduced, is referred to as an air- 
damping reduction area Y. 

In the piston 23, as shown in Figs. 5 and 6, an 
annular groove 31 is formed by cutting so that the outer 
edge of the piston 23 will be divided into a first flange 
32A and a second flange 32B, and a notch 33 is formed 
on the second flange 32B so that the annular groove 31 
and the rod-side chamber 28B can communicate with 
each other. In other words, the annular groove 31 is 
formed between the first flange 32A and a remaining 
portion of the second flange 32B in which the notch 33 
is not formed. The O-ring 34 is set in the annular groove 
31 and used as an elastic seal member. 

The O-ring 34 comes closely into contact with the 
inner surface of the cylinder 21 and is set in the annular 
groove 31 such that a clearance is left between the O- 
ring 34 and the bottom 31 A of the annular groove 31 . As 
a result, a passage 35 is defined by the outer edge of 
the first flange 32A of the piston 23, the annular groove 
31 . the notch 33 and the inner surface of the cylinder 21 . 
The O-ring 34 serves as a check valve, which strikes the 
wall 36 of the first flange 32A to close the passage 35 in 
the process of extending the gas spring 20, or which 
strikes the wall 37 of the second flange 32B to open the 
passage 35 in the process of compressing the gas 
spring 20. 

As shown in Fig. 5, the piston 23 is a solid-core 
member without any passage such as an orifice for 
communicating between the piston-side chamber 28A 
and the rod-side chamber 28B. h is made from sintered 
alloy such as iron-sintered alloy, having open pores (not 
shown) for communicating between the piston-side 
chamber 28A and the rod-side chamber 28B. 

Therefore, when the gas spring 20 is compressed, 
the O-ring 34 (Fig. 5) set in the piston 23 strikes the wall 
37 of the second flange 32B to secure the passage 35, 
so that the air 25 within the piston-side chamber 28A 
flows through both the passage 35 and the cylinder 
groove 29 into the rod-side chamber 28B. For this rea- 
son, little or no damping force occurs in this compres- 
sion process, which allows compression of the gas 
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spring 20 quickly and hence closing the back door 4 
quickly. 

When the gas spring 20 is extended, a reaction 
face of the air 25 within the piston-side chamber 28A 
acts as an assisting force on the piston 23 and the rod 
22 to move them in the extending direction. On the other 
hand, since the Oring 34 (Fig. 5) of the piston 23 strikes 
the wall 36 of the first flange 28A to block the passage 
35 by the O-ring 34, the air 25 within the rod-side cham- 
ber 28B flows into the piston-side chamber 28A only 
through the cylinder groove 29, so that extension damp- 
ing force is generated by a flow resistance caused when 
the air 25 passes through the cylinder groove 29. When 
the piston 23 is in the air damping area Z of the cylinder 
21 , the extension speed of the piston 23 and the rod 22 
is controlled by the extension damping force. 

In the process of extending the gas spring 20, when 
the piston 23 is in the air-damping reduction area Y, the 
sectional area of the cylinder groove 29 (29B) is 
reduced primarily in proportion to only the depth of the 
cylinder groove 29 (29B). Therefore, the extension 
sp ed of the piston 23 and the rod 22 to be moved in the 
xtending direction by the reaction force of the air from 
the piston-side chamber 28A are not slowed down sud- 
denly when the piston 23 rushes from the air damping 
area Z into the air-damping reduction area Y. 

Moreover, when the gas spring 20 has been fully 
extended at the end of the extending process, the piston 
23 being in the airlock area X. the piston 23, the O-ring 
34, the cylinder 21 , the gas seal 27 and the rod guide 26 
define an airlock chamber because the cylinder groove 
29 does not appear in this area X. The air 25 within the 
airlock chamber flows into the piston-side chamber 28A 
through open pores of the piston 23 to move the piston 
23 in the extending direction very slowly, thus perform- 
ing damping operation properly when the gas spring 20 
has been fully extended. 

As previously described, the gas spring 20 includes 
the portions of the cylinder 21 in the air damping area Z 
and the air-damping reduction area Y, where the cylin- 
der groove 29 is present, the piston 23, and the O-ring 
34. These members constitute an extension damping 
force applying mechanism 36. The extension damping 
force applying mechanism 36 causes an extension 
damping force in the extending process. The gas spring 
20 also includes the portion of the cylinder 21 in the air- 
lock area X, where the cylinder groove 29 is not present, 
the gas seal 27, the rod guide 26, the piston 23, and the 
O-ring 34. These members constitute an airlock mecha- 
nism 37. The airlock mechanism 37 serves to damp the 
piston 23 and the rod 22 when the gas spring 20 has 
been fully extended at the end of the extending process. 

In the gas spring 20 as constituted above, the Rey- 
nolds number Re of the air 25 passing through the cyl- 
inder grooves 29 becomes a critical Reynolds number 
Rec or more while the air 25 within the rod-side cham- 
ber 28B flows into the piston-side chamber 28A through 
the cylinder groove 29 during the extending process, so 
that a swish sound is generated. 



On the other hand, the gas spring 40 as shown in 
Figs. 10 to 1 3, in which the bracket 24 of a cylinder 41 is 
attached to the car body 1 7 of the vehicle 1 5 and the rod 
22 is attached to the back door 16 of the vehicle 15. As 
5 with the gas spring 20, the gas spring 40 is used as an 
inverted position turning type gas spring, but it is 
designed to prevent the generation of the swish sound. 
In the gas spring 40, portions similar to those of the gas 
spring 20 are given the same reference numerals and 
70 therefore descriptions thereof are omitted. 

The gas spring 40 includes the cylinder 41, a piston 
42, the rod 22, a passage 43, and the air 25 serving as 
a reaction force applying mechanism, but it does not 
include the extension damping force applying mecha- 
15 nism 36 and the airlock mechanism 37 such as included 
in the gas spring 20. 

As shown in Figs. 10 and 1 1 , the rod guide 26 and 
the gas seal 27 are arranged in an opening portion pro- 
vided at one end of the cylinder 41, and the bracket 24 
20 is f ixed to a closed portion provided at the other end of 
the cylinder 41 . The air 25 is enclosed in the cylinder 41 
and the piston 42 is slidaby arranged within the cylinder 
41. The piston 42 is fixed by applying pressure to one 
end of the rod 22 that is guided by the rod guide 27. The 
25 cylinder 41 is different from the cylinder 21 of the gas 
spring 20 in that the cylinder groove 29 is not present 

Referring to Figs. 12 and 13. the piston 42 is a 
solid-core member, as similar to the piston 23, without 
any passage such as an orifice for communicating 
30 between the piston-side chamber 28A and the rod-side 
chamber 28B. The piston is made from sintered alloy 
such as iron-sintered alloy, having open pores (not 
shown) for communicating between the piston-side 
chamber 28A and the rod-side chamber 28B. The pis- 
35 ton 42 also has the notches 33. but it differs from the 
piston 23 in that it does not have the annular groove 31 . 
Therefore, the O-ring 34 is not set in the outer edge of 
the piston 42. 

The passage 43 is defined among the outer edge of 
40 the piston 42, the notches 33. and the inner surface of 
the cylinder 41 . In a typical liquid flowing through a pipe 
or the like, a swish sound is generated due to a turbulent 
flow caused when the Reynolds number Re becomes a 
critical Reynolds number Rec or more, whereas the 
45 swish sound is not generated when the sectional area of 
the pipe becomes larger than a given size to put the liq- 
uid into a laminar-flow state. For this reason, the sec- 
tional area of the passage 43 defined by a clearance 
between the outer edge of the piston 42 and the inner 
so surface of the cylinder 41 is of a size to prevent both the 
swish sound and the damping force. Specifically, the 
area of the passage 43 is determined by eliminating the 
O-ring 34 such as used in the gas spring 20. 

In the gas spring 40. as similar to the gas spring 20. 
55 the air 25 is enclosed in both the piston-side chamber 
28A and the rod-side chamber 28B of the cylinder 41, 
so that the reaction force of the air 25 within the cylinder 
41 serves as the reaction force applying mechanism 38 
to force the piston 42 and the rod 22 in the extending 
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direction when the gas spring 40 is extended. 

Further in the gas spring 40, the cylinder gr ove 29 
is not present in the cylinder 41 and the O-ring is not set 
in the piston 42, i.e., the extension damping force apply- 
ing mechanism 36 and the airlock mechanism 37 are 5 
eliminated from the gas spring 40. 

Accordingly, when the gas spring 40 is com- 
pressed, the air 25 within the piston-side chamber 28A 
flows into the rod-side chamber 28B through the pas- 
sage 43 annularly formed between the outer edge of the 10 
piston 42 and the inner surface of the cylinder 41 . In this 
case, the passage 43 is set to be a size sufficient to 
cause no damping force so that no compression damp- 
ing force occurs, thereby compressing the gas spring 40 
quickly. ~ 15 

Wh n the gas spring 40 is extended, the air 25 
within the rod-side chamber 28B flows into the piston- 
side chamber 28A through the passage 43. Since the 
sectional area of the passage 43 is made to a size suf- 
fici nt to prevent the swish sound and the damping 20 
force, both the extension darrping force and the swish 
s und do not occur. Further, since the passage 43 is 
formed as described above, the airlock charrfcer is not 
formed among the piston 42, the rod guide 26, and the 
gas seal 27, so that no air lock action occurs. It should 25 
be noted that the embodiment of the present invention 
does not necessarily eliminate the swish sound com- 
pletely, and it allows generating a small amount of swish 
sound. 

Next operation of the back-door supporting device so 
14 will be described. 

In the back-door supporting device 14, the back 
door 16 of the vehicle 15 is held by or mounted on the 
car body 1 7 with the gas spring 20 arranged on one side 
of the back door 16 and the gas spring 40 is arranged 35 
on the other side of the back door 1 6. The gas spring 20 
includes the reaction force applying mechanism 38 uti- 
lizing the reaction force of the air from the piston-side 
chamber 28A, the extension damping force applying 
mechanism 36 such as the cylinder groove 29 and the *o 
like, and the airlock mechanism 37 such as the O-ring 
34 and the like. The gas spring 40 Includes only the 
reaction force applying mechanism 38 without the 
extension damping force applying mechanism 36 and 
the airlock mechanism 37. 45 

When opening the back door 16, although the gas 
springs 20 and 40 cause an assisting force due to an 
action of both reaction force applying mechanisms 38 to 
force the back door 16 in an opening direction, the . 
opening speed of the back door 16 is controlled or so 
adjusted by the extension damping force of the exten- 
sion damping force applying mechanism 36 of the gas 
spring 20. At this point, the gas spring 20 generates a 
swish sound when the air 25 passes through the cylin- 
der groove 29. whereas the gas spring 40 generates no 55 
swish sound. 

When the back door 16 approaches a full open 
position, the airlock mechanism 37 of the gas spring 20 
acts on the back door 16 to slow down the opening 



speed sufficiently so that the back door 16 can stop in 
the full open position silently. 

When closing the back door 1 6, both gas springs 20 
and 40 create no compression darrping force, so that 
the back door 16 can be closed quickly. 

As previously described, according to the above 
embodiment, the gas spring 20 for supporting one side 
of the back door 16 includes the extension darrping 
force applying mechanism 36 including the cylinder 
groove 29, and the airlock mechanism 37, in addition to 
the reaction force applying mechanism 38 utilizing the 
reaction force of the air from the piston-side chamber 
28A. On the other hand, the gas spring 40 for support- 
ing the other side of the back door 16 includes only the 
reaction force applying mechanism 38 without the 
extension damping force applying mechanism 36 and 
the airlock mechanism 37. Further, since the passage 
43 for communicating between the chambers 28A and 
28B divided by the piston 42 is formed with a sectional 
area that prevents a swish sound, the gas spring 40 
does not generate any swish sound, while the gas 
spring 20 emits the swish sound from the cylinder 
groove 29 that is used as the extension damping force 
applying mechanism 36. As a result, the back-door sup- 
porting device 14 can reduce the total amount of the 
generated swish sound to a greater extent than in the 
case where only the two identical gas springs 20. each 
having the reaction force applying mechanism 38, the 
extension darrping force applying mechanism 36, and 
the airlock mechanism 37, are used for supporting the 
backdoor 16. 

TTie gas spring 40 for supporting the other side of 
the back door 16 does not have the cylinder groove 29 
formed in the cylinder 41 , the annular groove 31 formed 
in the piston 42, and the O-ring 34 in the piston 42, so 
that the cost of manufacturing the gas spring 40 is 
reduced. 

The gas springs 20 and 40 are constituted with the 
same parts in the same manner except as to whether or 
not the cylinder groove 29 is formed, whether the O-ring 
34 is present or absent and whether a not the annular 
groove 31 is formed in the piston 23 or 42. It is therefore 
possible to use the required parts commonly between 
the gas springs 20 and 40. to reduce the cost of manu- 
facturing the back-door supporting device 14. 

In the back-door supporting device 14, the exten- 
sion damping force applying mechanism 36 including 
the cylinder groove 29 is provided only in the gas spring 
20, so that the reaction force of the air caused by both 
the reaction force applying mechanisms 38 of the gas 
springs 20 and 40 surpasses the extension darrping 
force caused by the extension damping force applying 
mechanism 36 of the gas spring 20, thereby increasing 
the opening speed of the back door 16. The opening 
speed of the back door 16 is controlled or adjusted 
properly by reducing the sectional area of the cylinder 
groove 29 that is used as the extension damping force 
applying mechanism 36 of the gas spring 20. In other 
words, the swish sound can be prevented by setting the 
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sectional area of the cylinder groove 29 to be small so 
that the Reynolds number Re of the air 25 flowing 
through the cylinder groove 29 becomes a critical Rey- 
nolds number Rec or more. 

The reaction force applying mechanism 38 to be 
used in the gas spring 20 or 40 is not limited by the air 
within the piston-side chamber, and a coil spring pro- 
vided between the closed end of the cylinder and the 
piston may be used instead of the air. In this case, a 
force of the coil spring is used as a reaction force to act 
on the piston and the rod. 

Although the described embodiment of the back- 
door supporting device 14 in which two gas springs 20 
and 40 are arranged on both sides of the back door 16, 
the back-door supporting device 14 may have two or 
more gas springs 20 arranged on one side of the back 
door 16 and two or more gas springs 40 arranged on the 
other side of the back door 16. The described embodi- 
ment also teaches that notches 33 are formed in the pis- 
ton 42 of the gas spring 40, but such notches 33 may be 
eliminated. In the described embodiment, although the 
passage 43 of the gas spring 40 is formed as an annular 
clearance between the inner surface of the cylinder 41 
and the outer edge of the piston 42. it may be formed 
thr ugh the piston 42. 

The present invention can also be applied to other 
lid-structure supporting devices such as used in a copy 
machine. In this case, the door or lid structure is a cover 
of the copy machine. 

As described above, according to the present 30 
invention, there is provided a device for supporting a lid 
or door structure, which reduces a swish sound and 
improves the cost efficiency. 

While the preferred embodiments of the invention 
have been described in detail with reference to the 
drawings, they are by no means limitative, and various 
changes and modifications are possible without depart- 
ing from the scope and spirit of the invention. 

Although the invention has been illustrated and 
described with respect to several exemplary embodi- 
ments thereof, it should be understood by those skilled 
in the art that the foregoing and various other changes, 
omissions and additions may be made to the present 
invention without departing from the spirit and scope 
thereof. Therefore, the present invention should not be 
understood as limited to the specific embodiment set 
ut above but to include all possible embodiments 
which can be embodied within a scope encompassed 
and equivalents thereof with respect to the feature, set 
out in the appended claims. 

Claims 
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1 . A device for supporting a lid structure, in which gas 
springs arranged apart from each other support 
both sides of the lid structure that is pivotally affixed 
to a body through a horizontal shaft, one gas spring 
arranged on one side of the lid structure compris- 
ing: 



55 



a cylinder enclosing a gas. in which seal and 

guide members are arranged in an opening 

portion provided at one end thereof; 

a rod having a piston at one end thereof and sli- 

dably arranged within said cylinder together 

with the piston through said seal and guide 

members; 

a passage means provided in said piston for 
communicating between both cylinder cham- 
bers divided by said piston; 
a reaction force applying mechanism disposed 
within said cylinder for causing a reaction force 
to move said rod in an extending direction 
when the gas spring is extended; 
an extension damping force applying mecha- 
nism which includes a cylinder groove formed 
in an axial direction throughout the entire range 
of said cylinder except an area near the open- 
ing end portion thereof, and seal means 
arranged in 6aid piston and having a check 
valve function for opening said passage when 
the gas spring is compressed, whereby an 
extension damping force is created while the 
gas passes through the cylinder groove in the 
extending process; and 
a gas-lock mechanism which defines a gas- 
lock chamber near the opening end portion of 
said cylinder, with said seal and guide mem- 
bers, said piston, and said seal means, so as to 
damp said piston and said rod when the gas 
spring has been fully extended at the end of the 
extending process, and 
the other gas spring arranged on the other side 
of the lid structure comprising: 

a cylinder enclosing a gas, a seal, and 

guide members arranged in an opening 

portion provided at one end; 

a rod having a piston at one end and slida- 

bly arranged within said cylinder together 

with the piston through said seal and guide 

members; 

a passage means provided in said piston 
for communicating between both cylinder 
chambers divided by said piston, the sec- 
tional area of which is of a size sufficient to 
generate little or no swish sound; and 
a reaction force applying mechanism pro- 
vided within said cylinder for causing a 
reaction force to force said rod in an 
extending direction when the gas spring is 
extended. 

TTie device as set forth in claim 1 . wherein said pas- 
sage means provided in the gas spring disposed on 
the other side of the lid structure, for communicat- 
ing between both cylinder chambers divided by said 
piston, is in the form of an annular clearance 
between the outer edge of said piston and the inner 
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surface of said cylinder, the sectional area of which 
is of a size to produce little or no swish sound by 
eliminating seal means having a check valve func- 
tion from the outer edge of said piston. 

5 

The device as set forth in claim 1 or 2, wherein said 
gas springs arranged on both sides of the fid struc- 
ture are constituted with like parts in like manner 
except as to whether or not said seal means with 
the cylinder groove and the check valve function is w 
formed and whether or not an annular groove is 
formed on the outer edge of said piston to provide 
said seal means. 

The device as set forth in any one of claims 1 to 3, is 
wherein the sectional area of the cylinder groove is 
reduced toward the opening end portion of said cyl- 
inder. 

The device as set forth in claim 4, wherein the sec- so 
tional area of the cylinder groove is reduced toward 
the opening end portion of said cylinder primarily in 
proportion to only the depth of the cylinder groove. 

The device as set forth in any one of claims 1 25 
through 5. wherein said reaction force applying 
mechanism is in the form of air within the piston- 
side chamber. 

The device as set forth in any one of claims 1 30 
through 6, wherein said piston is formed of a sin- 
tered alloy. 
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(54) Device for supporting a lid structure 

(57) A device 14 for supporting a door 16. in which 
gas springs 20 and 40 arranged apart from each other 
support both sides of the door 1 6 that is pivoted on a car 
body 17 through a horizontal shaft one gas spring 20 
arranged on one side of the back door comprising: a 
reaction force applying mechanism 38 for moving a rod 
22 in an extending direction when the gas spring is 
xtended; an extension damping force applying mecha- 
nism 36 to cause an extension damping force in the 
extending process; and an airlock mechanism 37 to 
damp the piston and the rod when the gas spring has 
been fully extended at the end of the extending process. 
The other gas spring 40 arranged on the other side of 
the back door comprises only the reaction force apply- 
ing mechanism without the extension damping force 
applying mechanism and the airlock mechanism. 
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